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Abstract 
The paper introduces the Energy-related Products˄ErP˅directive and its late evolution. Both the general and the 
particular eco-design requirements of a refrigerator are presented. The criteria of standby/off are listed as well. The 
assumptions made for the modeling of the product and source of the database are put forward. There are 11 factors of 
environmental impacts used in the evaluation software EIME. The environmental impact of manufacturing, 
distribution, use and the end of life is analyzed according to a certain refrigerator. The results show that three factors 
are significant, which are electricity consumed by the refrigerator in the use stage, the raw materials of metal and 
plastics in the manufacturing. The solution to these problems is provided. The introduction of eco-design to 
development phase of a product is urgent nowadays. 
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1. Introduction   
   The EU published Energy-using Product Directive (EuP Directive, 2005/32/EC ) demonstrates the 
concern regarding the scope of a product’s environmental impact, expanded from disposal to all phases of 
the life cycle. This includes the product’s design, production, packaging, transportation, usage, and 
disposal. It is hoped that focusing on a product’s entire life cycle will reduce resource consumption and 
emission of pollutants [1]. The EuP Directive is subsequently replaced by the Energy-related Products 
( ErP) Directive 2009/125/EC published on 31 October 2009, with an extended scope covering all energy- 
related products. The ErP Directive has taken effect since 20 November 2009[2]. 
The ErP Directive was introduced mainly in order to:  
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(1) Enhance the environmental performance of energy-using products and control ecological 
environmental pollution;  
(2) Harmonize environmental policies within the European Union;  
(3)Conserve energy consumption and promote the effective implementation of global sustainable 
development strategy; 
(4) Push international environmental legislation and increase the environmental awareness of all 
business groups; 
(5) Ensure energy supply and improve the economic competitiveness of the EU;  
(6) Implement “Environmental protection requirements must be integrated into the definition and 
implementation of the EU policies, in particular with a view to promoting sustainable development and 
ensuring the unrestricted circulation of the products meeting the requirements of feasible environmental 
label[2].  
The ErP directive requires energy-related products entering the EU market to be subjected to the 
Implementing Measures, undergoing energy-efficiency testing, having product life-cycle specifications 
prepared, ensuring conformance of internal-design controls and/or management-system models during the 
production process, and obtaining the affixation of the CE mark on the products. Having done so, the 
products will then be permitted to enter the markets of EU countries [3]. 
ErP commands most of the targeted products from China and the effect on the house appliances 
industry is immeasurable. The Chinese domestic manufacturers of the relevant information required to 
maintain a high degree of sensitivity[4,5]. 
2. Main contain of Green Design 
The ErP Directive claims the concept of life-cycle at a very early stage in the product design with a 
view to setting environmental requirements throughout the product life cycle such as product design, 
manufacture, use, and post-treatment, monitoring the impact of products on the environment in an all-
round way, and thus achieving the objective of reducing environmental impact. These requirements are 
listed as follows[2]. 
(1) The ErP Directive is a framework that places general requirements on the eco-design of energy-
using products, and does not involve specific eco-design. However, the Directive sets a standard for the 
formulation of the implementing measures by the European Union member countries. 
(2) The ErP Directive puts forward a new concept of eco-design for manufacturers. The Directive 
requires manufacturers to conduct environmental and ecological assessment throughout the product life 
cycle from procurement of raw materials, production processes, packaging, transport, sale, installation, 
maintenance and use to end-of-life management. The assessed environmental factors will combine the 
reduction in energy consumption and the protection of the environment to promote the adoption of 
advanced environment design technology by manufacturers for producing the energy-using products, 
encourage them to minimize the consumption of some hazardous substances in the entire product life 
cycle, and thereby reduce impact to the environment. 
(3) The ErP Directive is a major extensional usufruct scope of the EU New Approach Directive. The 
Directive sets a basis and criterion for product evaluation, the requirements imposed on products sold on 
market should be in line with the Eco-design Directive. Before putting their products to the market, 
manufacturers or their authorized agencies will issue compliance statement and label their products with 
CE marking to ensure that their products meet the Eco-design requirements as set forth in the Directive 
implementing measures[4]. The EU introduced the Directive for the purpose of setting environmental 
design requirements for energy-using products by establishing a coherent and comprehensive legal 
framework, so as to ensure the free circulation of energy-using products within the EU, safeguard the 
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interests of the industry and consumers, guarantee energy supply safety, and improve the overall 
environmental performance of energy-using products[5].  
As to the household refrigerating appliances, a refrigerator for example, the limit to EEI (Energy 
Efficiency Index) is listed in table 1[1]. 
Table1 The Energy Efficiency Index (EEI) of household refrigerating appliances 
Application date Compression-type refrigerating appliances EEI 
Absorption-type and other-type 
refrigerating appliances EEI 
1 July 2010 EEI < 55 EEI < 150 
1 July 2012 EEI < 44 EEI < 125 
1 July 2014 EEI < 42 / 
1 July 2015 / EEI < 110 
Several concrete items to the household refrigerating appliances are listed as follows. 
(1) From 1 July 2010. For wine storage appliances, the following information shall be displayed in the 
instruction booklet provided by manufactures: This appliance is intended to be used exclusively for the 
storage of wine. For household refrigerating appliances, information shall be provided in the instruction 
booklet provided by manufactures concerning: the combination of drawers, baskets and shelves that result 
in the most efficient use of energy for the appliance and how to minimize the energy consumption of the 
household refrigerating appliance in the use-phase[5]. 
 (2) From 1 July 2013. The fast or any similar function achieved through modification of the 
thermostat settings, in freezers and freezer compartments, shall, once activated by the end-user according 
to the manufacturer’s instructions, automatically revert to refrigerator-freezers with one thermostat and 
one compressor which are equipped with an electromechanical control board[6]. 
Household refrigerating appliances with a storage volume below 10 litres shall automatically enter in 
an operating condition with a power consumption of 0,00Warr after no more than 1 hour when empty. 
The mere presence of a hard off switch shall not be considered sufficient to fulfill this requirement [7]. 
3. The environmental impacts of a refrigerator 
3.1.  The procedure of the evaluation of environmental impacts 
The evaluation of environmental impacts for a refrigerator will focus on the product’s entire life cycle. 
During the life we will choose the four phases, which are procurement of raw materials, manufacturing 
processes, transport and end-of-life, and analyze them of their environmental impacts through the 
particular methodology on the base of a refrigerator’s information. The following five steps are necessary 
to the analysis[8-10]. 
˄1˅Collecting the detailed and accurate data of a refrigerator. The sorts, the quality, material, weight 
of components and parts and their manufacturing processes are the basic information to the analysis. 
Content of some hazardous substances and their disposal are necessary as well. 
˄2˅Preparatory classification to the collected data. For the general components and parts made of 
common material, we may arrange them according to the sorts of material and manufacturing processes. 
For the electronic components and parts, we may arrange them separately because of their particular 
manufacturing processes and sorts of material.  The package of a product should also be considered in the 
evaluation. 
˄3˅By means of specific methodology the evaluation of environmental impacts can be calculated on 
the base of preparatory classification. Evaluation is calculated respectively on the four kinds of materials, 
which are the general material, the electronic material, the package and the other particular material. The 
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factors of environmental impacts consist of the depletion of energy and water, impacts to atmosphere (the 
global warming potential, the ozone depletion, the air toxicity, the air acidification), impacts to soil and 
water, and the side-effect of hazardous waste. We will evaluate the factors of environmental impacts in 
the life cycle of a refrigerator so as to analyze the effect of every stage and every component and part. 
˄4˅Sum up environmental impacts of all the factors in the life cycle. We can obtain the absolute 
impacts and relative impacts, and then the ratio of impacts in every stage and every component and part.  
˄5˅Compile the integrated report of evaluation. The report will contain basic information of the 
product, methodology adopted, evaluation tool used, results of the analysis, comparison of the results, and 
the final conclusion. 
3.2.  The 11 factors of environmental impacts 
The evaluation tool used is called software EIME, there are 11 factors of environmental impacts[11]. 
These factors are listed in Table2. 
Table2 The environmental impacts factors 
Factors Definition and Explanation 
RMD The Raw Material Depletion (RMD) indicator calculates the depletion of natural resources taking into account the size of the reserve for that resource in the ground and the consumption  
ED 
The Energy Depletion(ED) indicator is giving the consumption of energy, either derived of the 
combustion of fuels (fossil or not) or from other sources ( hydroelectricity, tidal, solar, wind). 
Nuclear electricity is included in energy from uranium fuel. The indicator also considers the latent 
energy in materials (which is produced during the combustion of the material, typically at the end of 
its life.) 
WD The Water Depletion (WD) indicator calculates the consumption of water, i.e. the sum of any kind of water source or quality (drinkable. industrial). 
GW The Global Warming Potential (GWP) calculates the contribution to the global warming of the atmosphere by the release of specific gases. 
OD The Ozone Depletion (OD) indicator calculates the contribution to the depletion of the stratospheric ozone layer by the release of specific gases. 
AT The Air Toxicity (AT) indicator calculates the air toxicity in a human environment, taking into account the usually accepted concentrations tolerated for several gages and the quantity released 
POC 
The Photochemical Ozone Creation (POC) indicator calculates the potential creation of tropospheric 
ozone (“smog”) by the release of specific gases which will become oxidants in the low atmosphere 
under the action of the solar radiation. 
AA The Air Acidification (AA) indicator presents the air acidification by gases released to the atmosphere 
WT The Water Toxicity (WT) indicator calculates the water toxicity, taking into consideration the usually accepted concentrations tolerated for several substances and the quantity released 
WE The Water Eutrophication (WE) indicator calculates the water eutrophication (enrichment in nutritive elements) of lakes and marine water by the release of specific substances in the effluents 
HWP 
The Hazardous Waste Production (HWP) indicator calculates the quantity of hazardous waste 
produced for a given product. It is added to the flows of the LCA inventory, which correspond to 
hazardous waste 
3.3.  Assumptions made for the modeling of the product 
The refrigerator has been modeled in EIME software thanks to the data collected directly by Haier, 
taking into account the manufacturing, distribution, use, and end-of–life phases. The net weight of the 
product is 58.54 kg. 
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(1) Scope of the study and exclusions 
The Table 3 illustrates the life cycle phases of the product that have been taken in account in this study. 
Table 3 synopsis of the product life as considered in the study 
Inputs Life Cycle phase considered Outputs 
Raw Material /Transport 
Electricity / Water Manufacturing of the product 
Emissions 
Resources consumption 
Fuel   
Packaging materials Distribution 
Emissions 
Resources consumption 
Electricity consumption Use Emissions 
Collect /Treatment process end-of–life Emissions 
 
The following operations are usually excluded from the system studied with EIME’s methodology.   
The infrastructure manufacturing like buildings or roads: the associated impacts are generally 
compensated by the period of functioning. 
The machine tools, vehicle, and moulds manufacturing implicated in the transport, as well as other 
tools. The associated impacts are generally compensated by the period of functioning. 
(2)Source of the data  
The table 4 presents the source of the data used in the study and available in EIME database version 
11.0 (updated from July 2009) 
 (3) Manufacturing phase 
The manufacturing phase includes all the following aspects: 
The extensive architecture of the product has been sent by Haier and modeled in laboratories, using the 
data collected among Haier. The quasi-totality of the product has been modeled. The elements for which 
the precise composition has not been established have not been modeled in EIME. Those are for example 
the small shards [12]. 
The proportion of elements that have not been modeled represents less than 1% of the total weight of 
the product. No neglected components have been identified as a potential significant environmental 
aspect [13]. 
The following materials have been used for the modeling in EIME for the following items in Table 5. 
 Table 5 substitute’s modules used in the product modeling 
 
 
As the above materials just represent a small part of the entire product and the substitutes are the most 
similar modules possible in comparison with the original materials, these approximations have been 
considered to have no significant influence on the final result. 
 (4) Distribution phase  
The distribution of the products will essentially be made in Europe. Even if the product is assembled in 
Asia before its shipment to Europe, the study is taking in account the transportation phase to Europe, as it 
will be its final destination anyway. We have thus used the following supposition: 
Truck transportation from the assembling site to the Asian harbors: 200km; 
Ship transportation between Asian and European harbors: 12600km; 
Distribution in Europe: 600 km by truck. 
Original material Substitute’s module 
Cyclopentane Chemical (pentane)  
Refrigerant (R600 a) Chemicals (Isobutylene) 
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These average values are the ones used by Bureau Veritas - CODDE to establish eco-profiles of 
materials and components included in the database. The assumptions are thus in accordance with the 
database. 
As the information on packaging, it is composed of 5980g of corrugated cardboard, 265g of PE film, 
893g of EPS and 6g of paper.   
(5)  Use phase  
The estimated lifetime of the device is 16 years in theory. But in reality, many household appliances 
have been scrapped when it can operate normally, due to changing consumer trends and technological 
developments. So in this study, we have taken 14 years (5110 h) as the lifetime for the modeling, 
according to the information collected from the preparatory studies of EuP directive for Eco-design 
requirement of household refrigerating appliances[14].  
As marked on the nameplate of the device, the energy consumption is 0.46 kWh/24h. So the energy 
consumption is 2350.6 kWh (according to Table 6) during the whole lifespan. 
Table 6 Total energy consumption during the whole lifespan 
Energy consumption (kWh/24h) Lifespan (days) Total energy consumption (kWh) 
0.46 5110 (14 years) 2350.6 
 
Given that this product is mainly distributed in Europe, the energetic model taken in account is the one 
of Europe. It corresponds, in EIME software, to the following: 
Coal: 18.65%;  Lignite: 10.51%;  Fuel Oil: 4.18% ;  Natural Gas: 20.05%;  Nuclear: 30.13% ; Non-
thermal: 12.65% (10.29 hydro + 2.13 wind + 0.23 other) ;  Process Gas: 1.06%; Free Electricity: 2.76% 
(geothermal, solar, biomass and animal products, industrial waste, municipal waste, non-specified 
assumed being impact free). 
(6) End-of-life phase 
For this phase, an incineration supposition has been taken in account for the relevant parts, and is 
including a transportation phase to the treatment facility. 
The following Fig.1 is giving the key stages of the end-of-life treatment, as it has been modeled. 
3.4.  Contribution of the life cycle phases  
The following Fig. 2 shows the repartition of the environmental impacts of the refrigerating appliances. 
The refrigerator model is BCD-196 which is made by Haier. 
˄˅The manufacturing phase
The manufacturing phase is the most impacting phase on the environmental impact related to the Raw 
Material Depletion (89% of the impacts) and to the Water Eutrophication (69% of the impacts). Besides 
this life cycle phase has a non-negligible impact on all the other environmental criteria of the study 
(average of 30.2% on the 11 criteria). The production of metal parts (especially silver and steel) is mainly 
responsible for the impacts of RMD. The production of plastic parts (especially rigid PYU, HIPS and 
ABS) is mainly responsible for the impacts related to Water Eutrophication. 
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˄˅The distribution phase
 
Fig. 1 the key stages of the end-of-life treatment 
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Fig. 2 Repartition of the impacts on the 4 life cycle phases of the product 
The distribution phase presents no significant impact on 10 out of 11 the environmental criteria of this 
study. Only the criteria related to Water Eutrophication is impacted up to 16% by the distribution phase of 
the product. The production of packaging (Corrugated cardboard) is at the origin of this impact. This life 
cycle phase presents no more than 5% of the impacts in all the other environmental criteria of the study.
˄˅The use phase
The use phase is the most impacting phase on 9 out of 11 environmental impact criteria considered in 
the study. On these criteria, the relative participation of the use phase represents from 70% to 84% of the 
impacts (77.2% on average on these criteria).The production of electricity consumed by the refrigerator is 
at the origin of these impacts. 
˄˅The end of life phase
The end of life phase presents no significant impact on all the environmental criteria of this study. 
Only the criteria related to water toxicity is impacted up to 6% by the end of life phase of the product. 
The end-of-life of incinerated waste part is responsible for this impact. 
During the whole analyzing process, there are three Significant Environmental Aspects (SEA) and they 
are followed. 
Refrigerator Collection 
(200 km) 
Cleanup 
Grinding 
and sorting
Materials Transportation Incineration 
PCB and other 
Polluting electronic
components 
Transportation
(100 km) 
Transportation Treatment Transportation 
Transportation
(100 km) 
Landfill 
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SEA 1= Production of electricity (use phase of the product) 
SEA 2=Production of the parts in steel and silver (considering the impact of RMD) 
SEA 3=Production of the plastic parts (considering the impact of WE) 
4. Results and discussion  
There are three significant environmental aspects of a refrigerator, they are the energy depletion in the 
use phase, the production of metal parts and plastic parts in the manufacturing phase. The solutions to 
these problems are reducing the electricity consummation and material (Reduce principle). We may try 
using less material to meet the same function.  
During the manufacturing phase the two significant factors of environmental impact are the Raw 
Material Depletion and the Water Eutrophication. Among the main components the steel and Rigid PU 
bring on much more environmental impact than the others in this phase. 
The core of ErP directive is the introduction of eco-design to develop a product. Ecological profile is 
necessary for the house appliances. For example the database of raw material, the database of material 
input and waste output, the eco-design system of management and evaluation. The principle of least 
environmental impacts in a life cycle should be attached on the designing and development stage. 
The recycling of a refrigerator presents no significant impact. The water toxicity impact is about 6%. It 
is a less ratio compared with manufacturing phase. 
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